Abstract: The gametophyte of Argyroschosma nivea was studied, mainly focusing in its morphological development, and in the apogamous production of sporophytes. Some observations on the spores were also made. As far as it is known, this is the second species of the genus whose gametophytes are studied. The germination pattern followed the Vittaria type. The subsequent developmental processes followed the Ceratopteris type. Some of the gametophytes reached an adult stage with a cordate, symmetric shape, but most of them developed as irregular, lobed prothalli. The sporophyte emerged from the anterior part of the prothallus, without formation of gametangia. First, a cell became active and originated a proliferating area of small cells. From this area, long glandular hairs were formed followed by a projected conical cluster of cells. The cluster elongated into a sporophytic structure and its apex became progressively spatulate and finally trilobulate, with marginal, glandular hairs, stomata and tracheids continuously produced. This sporophyte secreted granules of white farina from its beginnings. The production of farina in the sporophyte but not in the gametophyte could help to support the idea of the segregation of this species from its traditional location in Notholaena to Argyrochosma, as farinose gametophytes seem to be a synapomorphy of the notholenoids, group that includes Notholaena but not Argyroschoma.
Introduction
Until recently, Argyrochosma nivea (Poir.) Windham (Pteridaceae) has been treated as Notholaena nivea (Poir.) Desv. or Pellaea nivea (Poir.) Prantl. (Windham 1987) . It is a saxicolous species that occurs in the Andean region (Ecuador, Peru, Bolivia and N of Argentina and Chile), from above 500 m to almost 4000 m. The species inhabits crevices of exposed and illuminated rock walls. The sporophyte has a short stipe and 2-3 pinnate leaves, abaxially covered with white farina. The spore of this species has been previously described by Tryon & Lugardon (1990) and Morbelli et al. (2001) , as to have a cristate or cristate-reticulate perispore.
The gametophytes of this species have previously been shown to exhibit obligate apogamy (Goebel 1905; Woronin 1907) . Nevertheless, the complete development of the gametophyte remains unknown, and some of the juvenile sporophytic structures were not comprehensively described.
Studies on the gametophyte morphology of members of the genus Argyrochosma are few, and we only found the simple report on that of A. incana (C. Presl) Windham (Nayar & Bajpai 1963 , sub Notholaena incana C. Presl). Better known are the gametophytes of other species from related cheilanthoid genera. Besides others, we can point out the following works that primarily focus on the morphological description of gametophytes of Notholaena (Pray 1961; Nayar & Bajpai 1963) , Pellaea (Hayes 1924; Nayar & Bajpai 1963; Tryon 1968) and Cheilanthes (Pray 1961; Nayar 1963; Pangua & Vega 1996; Gabriel y Galán & Prada 2009 ).
The taxonomy of this group has been traditionally difficult. Recent molecular analyses led to a rearrangement of the genera and species within the Pteridaceae, specially the cheilanthoid group (Gastony & Rollo 1995; Schuettpelz et al. 2007; Windham et al. 2008) . In addition, morphological characters are being used in this new phylogenetic reconstruction of the family, and besides others, some gametophytic traits appear to be of interest, in particular the production of farinous glands .
The aim of this work is to study the development of the gametophytes of A. nivea, including the description of its major vegetative features, and contribute with new observations on the apogamy of the species that could support the use of gametophytic characters for the phylogenetic reconstruction of the group.
Material and methods
The biological material for this study was collected in the following location: Peru, Cuzco Department, Urubamba Province, Ollantaytambo, beyond Huilloq, 13
• 14 50.5 S 72
• 15 28.8 W, 2920 m, in rocks, Gabriel y Galán s/n, 28-04-2008. The identification of the material was made following Tryon & Stolze 1989. Spore samples for cultures were taken from two different sporophytes kept dry at room temperature, c. 10 months c 2011 Institute of Botany, Slovak Academy of Sciences after the plants were collected. Sporangia and spores were observed at a compound light microscope, to calculate number of spores per sporangium, morphology and size of the spores; the given size is the mean of 60 measurements, 30 per sporophyte. Gametophytes were grown under fluorescent light on a 12-h light, 12-h dark cycle at 20 ± 2 • C, in plastic Petri dishes 6 cm in diameter. Multispore cultures on mineral agar medium (Dyer 1979) were established by shacking fertile pinnae on a weigh paper, and placing the obtained spores in the Petri dishes. The sowing of each sample (sporophyte) was replicated twice, for a total of four plates. Percentage of germination was recorded for a random sample of the first 50 spores encountered from each of the two plates of each sample (sporophyte), every three days until there was no further increase in germination. To study the stages of gametophyte development, random samples were taken weekly, from the beginning of spore germination until maturity. Gametophytes were stained with chloral hydrate acetocarmine (Edward & Miller 1972) , mounted in water and observed under a light microscope (Nikon Labophot-2).
Results
The spores of A. nivea were formed in number of 32 per sporangium. Observed at the compound microscope, the spores used in this study were nearly spherical, with a cristate perispore. The size is (70.8) 79.5 (89.8) µm in polar diameter, σ = 5.2 (sporophyte1: (70.8) 79.7 (88.7) µm; σ = 5.5; sporophyte 2: (71.8) 79.4 (89.8) µm; σ = 4.9). No significant differences in the spores were recorded between the two sporophytes. Spores showed a vigorous and quick germination, and in 7 days an 82% of the spores had germinated. The maximum percentage was of 89%, reached 18 days after sowing (Fig. 1) . No significant differences were observed in the germination pattern of both samples. The first signal of germination was the rupture of the spore wall ( Fig. 2A) and the emergence of a rhizoid followed, few days later, by the development of a perpendicular first prothallial cell (Fig. 2B) .
Around four days after germination, filamentous prothalli were densely found in the cultures. These filaments reached 8-12 cell in length, and quickly went into a laminar phase, longitudinally dividing the subapical cells (Fig. 2C) . The base of the filament always remained uniseriate. A spatulate prothallus was then formed, which reached 4-6 cells in width. A sub-lateral meristem was also developed due to a rapid mitotic activity of some of the marginal, subapical cells. Nevertheless, the meristem clearly moved to an apical position as a result of asymmetrical development of the incipient wings. Thus, finally, in about 25-30 days after germination, adult, typically cordate gametophytes were formed (Fig. 2E) . However, many of the gametophytes acquired an irregular, profusely lobed shape, instead of the cordate (Fig. 2D) . These irregularly branched gametophytes lacked a clear multicellular notch meristem. Both cordate and irregular gametophytes showed somewhat undulate marginal cells. It is also noticeable that both types of prothalli were naked, as hairs were never formed, neither in the margin nor in the surface.
Once matured, most of the gametophytes, both of the cordate and irregular type, developed proliferative areas under the distal margin. From these areas apogamous sporophytes were developed. Gametangia were never observed throughout the observation period (c. 250 days). These proliferative areas began with the mitotic activity of one cell, which led to the development of a more or less broad area with high cellular density. From this region or its immediate surroundings, and in an early stage of development, 2-5 multicellular hairs were formed. Most of these hairs showed a clavate apical cell and an elongated subapical cell (Fig. 3A) . During the following days, the hairs experienced a quick longitudinal growth and in some cases some basal or medial cells became longitudinally divided. Most notable is the final length of the hairs, up to 40 cells.
About 15 days later, evident signals of the apogamous sporophyte were detected. At first, without formation of foot or roots, a dense cluster of small but somewhat elongated cells was discernable. This cluster was short and conical in shape (Fig. 3B) . During the following days, the cluster grew and elongated, reaching a more spatulate form. At the same time, more multicellular, short and ascendant hairs were continuously formed in the margin of this juvenile sporophyte (Fig. 3C) . The basal long hairs also continued elongat-ing. In some cases, the development of two sporophytes in the opposite surfaces of the gametophyte was detected.
From the first moment in which the apogamous sporophyte is evident as a conical cluster, the basal and marginal hairs manifested glandular activity, secreting granules of white farina. However, it should be noted that the production of farina seems to be a fact related with the age: only around 25% of the sporophytes of 1-2 months old secreted farina, but 100% of the sporophytes of more than 3 months old did it.
The basal portion of the sporophyte was not obviously distinguished from the gametophyte, but from this point ahead, basal cells of sporophyte began to lose the chlorophyll, so they were easily detected, and began to somewhat expand.
Around 30-40 days after its emergence, and with a length of 1-1.5 mm, the sporophyte began to widen the apical portion (Fig. 3D) . At this stage, tracheids were easily detected in the stipe and in the lamina of this first leaf. Also, the lamina presented numerous stomata and 2-cellular glandular hairs. Few days later, the lamina began to divide to a trilobulate shape. The glandular hairs began to produce farina at great amount, in the margin and in the surface of the lamina. Before the development of a root, the sporophyte produced 2-5 new fronds from the base of the first one.
Discussion
The morphology and size of the spores used in this study completely agree with the previous descriptions for the species (Tryon & Lugardon 1990; Morbelli et al. 2001) . Also, the observed number of 32 spores per sporangium is in concordance with Morbelli et al. (2001) . This low number of spores/sporangium is indicative of an apogamous type of reproduction (Raghavan 1989) .
The pattern of germination followed the Vittaria type, as the first rhizoid and the first prothallial cell appeared perpendicular one to each other (Nayar & Kaur 1968) . According to these authors, the Vittaria type of germination is the most common within the leptosporangiate ferns, including A. nivea, A. incana (Nayar & Bajpai 1963) The longitudinal division of the uniseriate filament of A. nivea occurs in the subapical cells, the apical one remaining quiescent until posterior stages. This is dissimilar to the process described for A. incana (Nayar & Bajpai 1963) , but is identical at what has been observed in species of the related genus Astrolepis, as A. sinuata (Lag. ex Sw.) D.M. Benham & Windham (Nayar & Bajpai 1963 , sub Notholaena sinuata (Lag. ex Sw.) Kaulf.).
The subsequent developmental processes of A. nivea follow a Ceratopteris type, in which the meristem is developed laterally in a bidimensional plate (Nayar & Kaur 1969) . Nevertheless, in A. nivea, as is has been stated by Atkinson (1973) for several genera of the Pteridaceae, it is difficult or impossible to determine the original position of the meristem looking to the adult gametophytes. Within cheilantoid ferns, Ceratopteris model of vegetative development seems to be infrequent, appearing in Astrolepis and Argyrochosma (Nayar & Bajpai 1963) , and in Notholaena, Hemionitis and some Cheilanthes (Nayar & Kaur 1971) .
Apogamy is a common phenomenon in some of these cheilanthoid genera, and it is known to occur in Argyroshcosma, in both A. nivea here studied (Goebel 1905; Woronin 1907) and A. incana (Nayar & Bajpai 1963) . The development pattern of the apogamous sporophytes in A. nivea observed here follows the general steps described previously for the species and for A. incana. Briefly, the main coincident features are the following: apogamous sporophytes are formed mostly from the irregular-lobed gametophytes; there is a production of large glandular uniseriate hairs; the sporophyte first emerged as a conical protuberance; and finally, the protuberance flattens its apex while sporophyte elements, as stomata and tracheids, appear. However, some of our observations differ somewhat from those previous works: first, both Woronin (1907) and Nayar & Bajpai (1963) saw that, in some cases, various proliferations zones were developed in different lobes of the gametophyte. However, in our cultures each apogamous gametophyte produced a single, more or less apical, sporophyte. Also, the aforementioned authors observed gametangia in the gametophytes, though rarely: in A. nivea, Woronin (1907) detected antheridia in the base of some of the apogamous prothalli, and in A. incana, according to Nayar & Bajpai (1963) , both antheridia and archegonia were produced, although they seemed to be non-functional. The gametophytes in this study never produced antheridia or archegonia; perhaps, the production of gametangia in this species is facultative, as it could probably happens also in the rest of obligate apogamous species.
Argyrochosma seems to be a well supported genus, mainly by a basic chromosome number of x = 27, different from Notholaena and relatives (Windham 1987) . This feature has helped in its segregation from Notholanea, as some other small genera. Indeed, recent molecular analyses support the monophyly of Notholoena (Schuettpelz et al. 2007 ). Other authors have indicated the importance of gametophyte characters in phylogeny reconstruction in the Cheilanthoid ferns . The data gathered from this study will be useful in determination of morphological synapomorphies for the group. For example, the notholenoid genera (including Notholaena but not Argyrochosma) are the only ones that produce farina glands in its gametophytes. Thus, our observations that A. nivea presents farina in the sporophyte but not in the gametophyte could provide a new contribution to this phylogenetic scheme. Gametophytes of more species need to be studied in order to completely support this interesting idea of the use of gametophyte morphological traits as synapomorphies.
